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ABSTRACT 

In recent years economists have attempted to estimate 
the private and social rates of return from investments^in education. 
Another area that must be considered is the effect of education on 
the rate of technological change and on capital formation. Still 
another factor that must be taken into account is the organization of 
education and research and development (R&p). Because education 
contributes to economic growth by influencing the rate of diffusion 
of innovations and because American educational institutions 
influence the diffusion process directly as well as J'f J^eir 
students, government and industry must cooperate to develop R&D 
efforts that focus on future demands and training programs for 
researchers atid scientists; Among the types of studies that are 
particularly needed are the following: econometric productivity 
studies that include education; investigations of the educational 
level <§f inventors; examinations of the effect of educational levels 
on the nature and shape of learning curves; analyses of the 
relationship between the educational level and speed of "jponse to 
innovations) and constructions of simple mathematical models relating 
e3u?a?ionai levels, the rate of diffusion of new /jg^^^^ 
rate of economic growth. (This analysis is one in a series on the 
relationship between education and productivity.) (tW) 
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la thia paper, coanaiasioned by the National Institute of Education, I 
have been asked to address the following questions: (1) Does education affect 
productivity growth apart^ from its effects on the quality of the labor force? 
(2) Does education have large and potentially measurable external economies 

captured through wages and salaries? (3) What changes in the organization 
of R and D activities - including the ways in which R and D is linked to user 
organizations , universities , ' and the government - might increase the impact 
o£ R and D on productivity growth? (4) Are prospective supplies of research 
scientists, engineers, and technicians suffici^ent so that produ«:ivity growth 
will not be greatly hampered by personnel "shortages"? (5) To what degree is 
xhere cooperation and/or competition between private industry, universities, 
and government in the provision of R and D and the employment and training of 
researchers? 

At the outset, it should be recognized that my treatment of these questions 
must be bri'dtf and selective, m the available space, I can only describe 
>^ cursorily some of the relevant facts and models, summarize some of the salient 

work carried out to date, indicate some majoi: methodolcf^cal problems, and 
\ sketch out a half-dozen types of research that seem feasible and worthwhile. 
© The purpose of this paper is to discuss the existing state of the art in this. 

area and how it can be improved through future research, not ^ carry out such 
vi research. Sections 2-3 take up the measured returns froa education and 

eduoat^n's effects on ^iie quality of labor input, as well as its external 
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effects. Sections 4-6 discuss the interrelationships between education, 
R and D, and capital formation in the process of economic growth, as well as' 
the importance of the organization of education and R and D. Sections 7-9 
deal with education's effects on the diffusion of innovations; Sections 10-12 
tsjce up the supply of scientists and engineers? and Sections 13-14 deal with 
the cooperation and competition between various sectors of the economy with 
regard to R and D and., the supply of manpower. Sections 15-20 suggest six types 
of research that, in my opinion, seem worthy of consideration. Section 21 
provides some concluding remarks. 

2. Rates of Return and External Effects of Education 

In recent years, economists, following the lead of Theodore Schultz, 
Gary Bedcer, and others, have attempted to estimate the private and social 
rates of return from investments in education. Studies pertaining to the 
19503 and early 1960s generally found that the E^civate rate of return was 
relatively high. (For example, see Table 1.),. But with regard to the market 
for college graduates, there seemed to be a notable chaijge in the late 1960s. 
The large increase in ccSllege enrollments added to supply, while a leveling off 
of the upward trend in some professional and managerial jobs resulted in a less 
^v^aTi proportional increase in demand. Richard Freeman has estimated that the 
private rate of return to B.A. training fell from 11.5 percent in 1969 to 
8.5 percent in 1974. (See Table 2.)^ 

Of course, social rates of return can be quite different from private 
rates of return. Because students and their families pay only part of the 
social costs of education, the social rates of return may be below the private 
rates. (For example, see Tables 1 and 2.) The difference may be larger in 
countries where higher education is more heavily subsidized than in the onited 



Table 1 Private and Social Rates of Itetum from Investment in 
Schooling, White Males, U.S.,. 1959 



Level of Education 


Marginal 
private return 


Marginal 
social return 


Eighth-grade education 


48.7% 


19.8% 


One to three years of high school 


25.4 


16.9 


High school graduation 


14.5 


11.3 


One to three years of college 


12.1 


8.2 


College graduation 


15.1 


11.0 



Source: Pred Hines, et al., "Social and Private Rates of Return to Invest- 

~~ ment in Schooling by Race-Sex Groups and Regions," Journal of Human 

Resources (Summer 1970). 
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Table 2 — Social 2Uid private Rates of Return from College Training, ° 
Males, 1959-74 

Social - . . Private 

Year Rate of Return ' Rate of Return 

1959 10.5% 11.0% 

1969 ^; 11.1 11.5 

1972 9.5 10.5 

1974 ' 7.5 8.5 



Source ; Richard Freeman, "Overinvestment in College Training?," Journal 
of Humam Resources (Summer 19J5) . 
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states, in the united Kingdom, Mark Blaug has estimated the private rate of . 
return from higher education to be 14 percent, in contrast to the social rate 
of return of only about 6.5 percent.^ , . 

Such rate-of-retum calculations have drawn criticism on a number of 
counts /one being; that they do not take adequate account of the external effects ^ 
-of "education. The education of one person, besides raising "his or her own ^ 
productivity, benefits others. Many have argued that a better educated 
citizenry should be more active in public affairs and better able to assume 
the responsibilities of citizenship. Better educated parents are likely tc 
be better able to, and perhaps more inclined to, provide a stimulating environ- 
went for children in their pre-school years, as well as later. Moreover, as 



we .sfiall indicate in much more detail in subsequent sections, education has 
an efif ect on the rate of technological change ^d on the rate of diffusion of ^ 
innovations. These external effects may be verv great. However, very little 
is known about their size, due largely to the enormous problems involved in 
meatsuring them. 

n 

\ ■ ' . ■ 

3. Education's Effects on the Quality of L abor Input 
Studies of the relationship between education and economic , growth have 
tended to emphasize education's effects on the quality of labor input. 
Without question, these effects are very important. A person's education 
helps to determine what jobs he or she can perform and how well he or she can 
perform them, f continual increase in the educational level of the American . 
labor force has improved the skills and versatility of labor and contributed 

'to economic growth. 

According to Edward Denison and others, this effect of education has been , 
an important source of U^S. economic growth at least since 1910, and 



particularly since 1930.3 Table 3 shows the changes during '1948-76 in the 
educational distribution of persons employed in the business sector. It is 
evident that there has been a ver^ significant increase in years of school ' 
completed^ For example, only about 12 percent of males had some college 
training in 1948; in 1976/ this percentage was about 32. 

As Denison and others have pointed out, various educational groups should 
be weighted by relative values, or marginal products, of the work their members 
dO/ not by the years their members spent in school. Table 4 shows the earnings 
differentials among v2u:ious educational groups, based on census data for 1959 
and 1969. When these data are adjusted for academic aptitude and socioeconomic 
status of parents, the weights obtained by Denison are shown in the last two 
cdlumns of Table 4. One noteworthy point is that there seems to have been a 
reduction between 1959 and 1969 in the earnings differential between the most 
highly educated group and the least educated group. ' 

Based on Denison 's figures, 0^,5 percentage points of the 2.4 percentage 
point annual increase in national income per person employed during 1948-73 
were due to Education's effects on the quality of labor input. During 1973-76, 
Denison »s results are evfen more impressive: Although national liicome per 
person CTiployed fell bi' 0.5 percent per year, education's effects of this 
sort increased national income per person employed by 0.9 percent per year. 
Among the principal reasons for the bigger contribution of education to thG 
increase of national income per person employed in 1973-76 than in 1948-73 
were that government absorbed a smaller share of the increase in, the highly 
educated^ and that the average age of adult workers fell. 
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Table 3 Percentage Distribution of Persons Employed in the Business 
Sector, by Sex and Years of School Completed, 1948, 1964/ 
and 1976 



Years of school 
complelied 




Males 






Females 




1948 


1964 


1976 


1948 


1964 


1976 






0.67 


0.32 




--0.34 


0.26 


, 8 .76 






4.37 






Elementary^ 1-4 




^ 3.56 


LmOp 






0 72 


Elemeiitarv » S—7 


14.64 


8.90 


4.65 


9.88 


5.93 


2.75 


Elementary, 8' 


21.04 


14.13 


6 .3o 


T Q 15 
lO • LO 


n fo 

• / ^ 




High school, 1-3 


20.17 


19.78 ' 

c 


15.68 




19.58 


15.97 


High school, 4 


23.10 


32.50 


38.80 


37.33 


46.02 


49.88 


College, 1-3 


6.58 


1C.23 


15.69 


7.51 


10.14 


16.28 


College, 4 




' 6.25 


10.00 


3.98 [ 


' 3.42 


6.42 




5.71 j 








2.80 


College, 5 or more 




, 3.97 


6.85- 




, 1.20 


Total 


100.00 • 


100.00 


100.00 


ioo.oo 


100.00 


100.00 



Source: Edward Denison^ Accounting for Slower Economic Growth (Washington, 
D.C.: Brookings Institution, 1979). 
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standardized Earnings and Weights, Nonresidential Business, 
1959 and 1969 ' ^ 



Yelr3 of school 
compiecKL 


standairdized 
(Elementary, 
1959 


eeoniings 
8-100) 
. 1969 


Weight 
(Elementary, 8-100) 
1959 ■ 1969 


None 


71,o 


fl2 1 ' 


75 


87 


Elementary r 1-4 


Ob • 3 


89 7 


89 


93 


Elementary r 5-7 


95.5 


95.6 


9T . 


97 


Elementary^ 8 


100.0 ^ 


100.0 


100 . 


100 


High school r 1-3 


112.6 


112.6 


Ill 


111 


High schools 4 


127.3 


125.6 


124 


122 


College r 1-3 


153.9 


148.5 


147 


142 


College, 4 


201«3 


195.6 


189 


184 


College, 5 or more 


264.2 


243.2 


219 


207 



Source : E, Ilenison, op, cit . 



4. Education, R and and Technolocrical change 
Besides having an important effect on the quality of labor input, 
education also contributes to ecpnomic 'growth via its effects on.jthe rate of /I _ 
^technological change. ^Clearly, a nation^ s rate of technblogical change depends'" 
^ on tile size and quality of its educational system. In this regard, it is 
important to point out that science and technology are two quite different 
things that have drawn together only recently, until the twentieth century, 
it was not true chat technology was built on scieiice. Even today, many 
tedhnological advances rely on little in the way of science. However, in more 
and more areas of the economy (such as aircraft, electronics, and chemicals), 
technological change has come to depend on a strong scientific base.^ Merely 
^ to imitate or adapt what others have developed, a nation needs high-caliber 

scientists. 

A nation's educational system influences its rate of technological change 
---in -at- least three ways. First, and perhaps most obviously, it determines how 
many scientists and engineers are graduated, and how competent they are. 
Clearly, the rate of te«;|hnological change depends on the quantity and quality 
of the available scientific and engineering talent. Second, the educational 
system influences the inventiveness and adaptability of the nation's work 
force. Despite the closer links between technology and science, workers and" 
independent inventors rem^^Ji important sources of inventions in many ... areas . 
(Third, the educational system also influences ..the rate of technological change 
and iimovation via the training of mMagers. 

Industrial managers are- a key agent in the ' innovative process. It is 
imporitant to recognize that the proper management of innovation is much more 
than establishing and maintaining a research and development laboratory that 
produces a great deal of good technical output. The coupling of R and D 
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with marketing and production is crucial. Many good ideas are not applied 



properly because the potential users do. not really understand them, and many 
R and D projects are technically successful but commercially irrelevant 
because they were not designed with sufficient comprehension of market realities. 
The crucial coupling task is up to management. 

5. Sorting out the Effects on Economic Growth of 
Education y R and and Capital Formation 

When one recognizes that education affects the -rate of economic growth 
via its effects on the rate of technological change, as well as through its 
effects on the quality of labor input, it becomes much more difficult to 
measure the contribution of education to economic growth. iSie effects of 

c 

education and'R and-D are mixed up '^ia- a 'variety of ways. For example, current 
investment^ in education reduce the cost of generating technological change 
in the future because they push the. supply curves for scientists and engineers 
to the right. At the same time, a rapid rate of technological change is 
likely to increase the returns from greater education. Thus, some of ^ie^ 
returns apparently due to education may reflect the rate of technological 



change. ^ 

To see why a rapid rate of technological change is likely to increase the 
returns from greater education, note^ that rapid technological change puts a 
premium on workers^ ^ being able to learn new techniques quickly. Highly ^ 
educated workers frequently are required in the plant when processes are new 
because these processes have not been routinized and laid out for peop'le who 
do not understand many 'aspects of them. Similarly, highly educated vqrkers 
frequently are r^jLred in the sales force when products are new because o^jly 

such workers are able to grasp quickly the nature and advantages of these 

■J '■, 
products and to communicate them effectively to potential purchasers and users. 

ERIC * 11 
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Before going any further / it' should be recognized tha± there also are 
great difficulties in separating the effects on economic growth of education 
or R and D from those of investment in physical capital. To a considerable 
extent, new technology must be embodied in physical capital to be used. For 
example f a numerically controlled machine tool must be built to take advantage 
of certain advances in machine, tool technology. At the same time, advances in 
technology tend to increase and sustain the returns from investing in physical 
capital. Without the technological advances that have occurred since his day, 
some of Rio-rdo's dire predictions concerning the returns from such investment 
might well have come true. 

6. Impcrtance of the Organization of 
Education and R and D 

Still another factor that must be taken into account is the organization 
of education and R and D. The contribution of both education and R and D to 
economic growth depends on their organization and their relationship to 
industry and management. In the Ofeited States, much basic research is carried 
out in educational institirtions . In contrast to industrial and government 
lalDcratories, the traditional responsibility of the universities has been to 
expand the frontiers of basic science, rather than to develop particular new 
products, universities perform over half of the nation's basic research, 
and have the unique responsibility of providing the scientists and enginieers 
of the future. These two functions — basic research and graduate education — 
are closely related; in n^y cases, the president's Science Advisory Committee's 
1960 statement that "each is weakened without the other is quite cdrreqt. 

Turning to industrial R and D, the probability that' an R and D project 
will be commercialized (gi^mn technical completion) is directly related, to 



jrJ^r- the degree to which R and D and marketing are integrated. In soto? firms 
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the R and D staff has isot always worked very closely with the marketing staff, 
the ?»3ult being that the R and D output has not been as well mated with 
market realities as it might have been. The R and D staff should be able 
and willing to respond to the marketing staffs needs, and the marketing staff 
should be involved in R and D project selection. Successful innovation 
depends on R and D being Integrated with marketing. Detailed data indicate 
that firms that effect a closer integration between marketing -and R and D ^ 
tend to increase, the probability of commercialization (given 'technical comple- 
tion) significantly, case studies of successful and unsuccessful innovation 
•seem to point in the same direction.^ 

To illustrate, considdf? three chemical firms of roughly the,. same size and 
with very similar R and D 'fekpenditures . At about the same time, they aU - - 
experienced reorganizati^. In two firms, the result was a closer integration 
of R and D with marketing. " Communication channels and networks linking them 
were improved, and marketing's input to R and D decision making increased 
suba^taAtially. On the other hand, in the third firm, the reorganization 
resulted, in jLess integration of R and D with marketing. R and D tended to 
establish its. own,critMia and priorities regarding proj|!cts without paying 
nearly as much attention to marketing as before the reorganization. Based on 
. data concerning more -than 330 individual R and- -D -pro jects that occurred from - 
three to seven years before the reorganization to five to eight years after 
it, we could compare the" probability ^of^ commercialization (given technical 
completion)' befor«» the reorganization with that after the reorganization in 
each firm. (See Mansfield <1981b),) This probability increased by about 
20 percentage poiata in the two firms Chat effected a closer integration of 
R and D with- marketing, and it fell by about 20 percentage points in the firm 
that permitted Uaa Integration of R and D trtth marketing. , 
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A, substantial perceatage of a fina' s R and D results may lie fallow . 
b«eaus« other parts of the firm do not oiake proper use of them. According to 
estimates made by executives of 18 c£ the firms studied in Mansfield et al. (1977) , 
the percentage of R and D projects that were economic successes ■ would have 
increased by about one-half if the marketing and production people had done a 
proper job in exploiting them. (And it is important to note that the non-R and D 
executives seemed to agree on this point with the R and D executives.) If this 
figure is anywhere close to the truth, it 'suggests that faulty interfaces 
between R and D and the rest of the firm result in a very substantial decrease 
in the productivity of industrial R and D. 

7. Education and the Diffusion of Iiuiovations 
Education contriiutes to economic growth by influencing the rate of 
diffusion of innovations, as weU as the rate of technological change. The 
rata of diffusion of innovations is, of course, of great importance, since 
no matter how splendid a new technique or product may be, its effect on economic 
growth will be nil unless it gains acceptance. According to the available 
data, it frequently takes a decade or more before one-half of the 
major firms- in an. industry begin using an important innovation. And in many 
cases, it takes longer. The rate of diffusion varies widely. For example, 
it to«*"about fifteen years for half of the major pig-lxon producers to use the 
byproduct coke oven, but only about three years for half of the major coal 
producers to use the continuous mining machine. (See Mansfield /Tses?.) 

"There is considerable evidence that better educated managers tend to be 
quicker to adopt new technology than poorer educated managers. In agriculture, 
Everett Rogers (1962) reports^ that a number of studies have-. found that 
education" was related to how rapidly a farmer began using a new technique. 
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This. would be expected, since better educated farmers are likely to be better 
informed and better able to judge the benefits and costs of innovations than 
less well educated -^fanners. 

' in the tool and die industry, MansfieW; (1971)' found that whether^, or not 
a firm adopted numerically controlled machine tools before 1968 was related to 
the education of the firm's president. Better-educated entrepreneurs were 
in a better position to understand the issues regarding numerical control, 
to, have the flexibility of mind to use it, and to be in contact with technical 
and university centers and- the relevant literature. Most of , the users (for 
which we have.data) were college graduates, but »ost of the'nonusers finished 
high school or less, ihe difference was statistically significant. 

Another variable that might be expected to influence whether. or not a " 
tool and die firm adopted numerically controlled machine tools is the age of 
the firm's president. Younger entrepreneurs may be more liJcely to make the 
break with the past, their emotional attachment to old skills and old 
technology being weaker aid their willingness to take risks probably being 
greater than their older rivals. The data are consistent with this hypothesis, 
' the median age of the 6sers being about 48 and the median age of the nonusers 
being about, 55. Htiwev^, age and education are themselves correlated, and 
when a multiple regression is run (age and education being independent variables, 
- the dependent variable being a dummy variable showing whether or not a firm 
used numerical control before 1968), the effect of education is statistically 

'■v. . " 

aignificant, but the effect of age is not. 

to a subsequent study in Mansfield et al. (1977)-, it was determined that 
education had a significant' effect on how rapidly a tool and die firm began 
using numerically controlled machine tools, when several other variables are 
• held constant. The relevant regression equation is: 

ft 

- ■ 15 ■ 
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(1) X. ■ 0.129 + 0.032Y. - 0.l23n. + 0.014H. - 0.027A. + 0.212E , 
_^ (1.257)^ (1.497)'^ (3. 608) (2.201) (3.135)^ - 

where equals one if the i firm used numerically controlled machine tools 
by the begixmiag of 1970 and zero otherwise j is the firm's size, measured 
by the number (in thousands) of employees; n^. is the number of people in the 
firm who had to approve a decision to adopt numerically controlled machine 
tools; is the number of years that the managers of f4rm i had khown of numeric- 
ally controlled machine tools (as of 1970); 'and is the age (in 1960) and E^, 
is the education (in years beyond the eighth grade) of the managers involved in 
the decision. The coefficients of E^, \f ^ \ ^r^ significant at the 
5 percent level, the coefficient of n^ is significant at the 10 percent level, 
and the" coefficient of is significant at the IS percent level. (The 
t-statistics are shown in- peurentheses . )^ 

Data* are also available for industries other than tools and dies. Based 
on information concerning 104 firms in ten industries (aircraft engines, 
airframes, printing presses, coal-minipg machinery, digital computers, large 
steam turbines, machine tools, farm machinery, tools and dies, and industrial 
instruments), an increase of 10 percent in the years of schooltog of the 
company's president, other things equal, is associated W?.th .a 0.02 increase 
in the probability of use of numerically controUed machine tools by 1970. 

', 8, Education and Diffusion; a Simple Model 

About IS years ago, Richard Nelson and Edmund Phelps (1966) published 
a model. relating education to the diffusion process. Although this model 
is "as siaiple a one as we can invent," according to the authors,* it is worth , 
some consideration. It is assumed that 

(2) Q(t)' - PA(t), A(t)' L(tx7 , 

whttr* Q is output, K .is capital, L is labor, and t is time; A(t) is the index 
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'oi technology in practice. T(t) is the level of technology that vould prevail 
if. technological diffusion were completely instantaneous. Supposing that 
the latter technology level advances at a constant rate >V/ : _ 



Xt 

(3) T(t) « Tge . 

Assuinint that the time Ug (w) between the creation of a new 'technique and 
its adoption is inversely related to some index of educational attainment, h, 

(4) A(t) - T(t - w(h)), 
where w' (h) < 0. 

one interesting implication of this mo^el is that, all other things equal, 
the return to education is direcrly related to X, the rate > of advance of the 
theoretical level of technology. Specifically, 

(5) 2fii|I,.Xw' (h) X wage Bill 

oh 

consequently, the marginal productivity of education is an increasing function 
of \, given the wage bill, and is .positive only if X > 0.7 

9. Educational institutions and the D iffusion process 
American educational institutions have influenced the diffusion process 
directly, as well as via their students. Particularly in the agricultural 
sector, universities have played an active role in the dissemination of new 
technology. The federal extension staff serves as partners with state 
govimments, through their land-grant universities and county governments, 
to form the cooperative Extension Service. These levels of government share 
in financing and conducting educational program-i to help the public learn 
Idbout and apply new technology developed at the land-grant universities. 
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the Department of Agriculture, and elsewhere. The state land-grant universities 
have a staff of specialists, plus area and county agents working with 
individuals and groups, to help them apply new technology. 

in 1965, the State Technical Services Act was passed by Congress.^ It 
authorized for industry a program somewhat analogous to the agricultural 
extension service — universities and technical schools throughout the country 
distributing technological information to local firms and serving as economic 
planning centers for their areas. The program, under the direction of the 
Department of Commerce (which proposed a similar plan in its earlier Civilian 
industrial Technology program), was expected to include about 30 states in 
its first year. The major purpose of this industrial extension service was 
to increase the rate of diffusion of new technology. Some firms, pai?ticularly 
small ones, are slow to adopt new techniques because they are unable to 
comprehend and evaluate technical information. The industrial extension service 
provided demonstrations, short courses, and conferences, as well as referral 
to specialized consultants and experts. In this way, it hoped to narrow the 
gap between average and best practice; 

After a relatively short life, this program was discontinued by the 
government. Unfortunately, the industrial extension service faced problem 
that were 'absent in the caee of the- agricultural extension service. Whereas 
the latter could deal with a relatively homogeneous group of clients, the 
former could not; whereas it was possible in earlier days for an agricultural 
extension agent to be familiar with most relevant aspects of agricultural 
technology, it is impossible now for anyone to be familiar with most aspects 

.... , ^ 

of industrial technology; whereas individual farmers seldom view each -other as 
competitors, in manufacturing, one firm's gain in productivity and sales may . 
be partly at the expense of another. " In addition, it is nore difficult in the 
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case of the industrial extension- service to delineate the set of appropriata 
cUents. The firms that were most eager to r.se the service and those that 
were easiest to persuade to adopt new techniques were not necessarily those 
for whom the service could do the most good. 



10. Scientific and Engineering Employment 
Since world war II 

in any discussion of education and R and D, it is essential that attention 
be devtrted to the adequacy of existing and prospective supplies of engineers 
and scientists. This is a question that has arisen continually over the past 
30 years. Since»World War II, there have been three quite distinct periods 
with regard to the employment of engineers and scientists. The first perio d. 



from about 1950 to 1963, was marked by rapid growth of jobs for engineers and 
sciektiKts. As shown in Table 5, the anployment of engineers and scientists 
grew by over 5 percent per year, which Ws far in excess of the rate of growth 
„of total nonfarm employment. In part,. this rapid Increase was due to increases 
in defense activities and in the space program. During this period, there 
were many complaints of a shortage of engineers and scientists. 

The second period, frcm about 1963 to 1970, saw the employment of engineers 
and scientists grow at about the same rate as total nonfarm employment. The 
emjployment of scientists grew more rapidly than the employment of engineers, 
because there was a relatively rapid increase in .college enrollments and 
research programs. The relatively slow rate of iacrease of engineering 
employment reflected cu1±acks in defense programs and space exploration, among 
other things. 

The third period, from about 1970 to 1976, was marked by a very slow 
growth of scientific and engineering employment. Whereas total nonfarm 
employment grew by 1.9 percent per year, the employment of engineers and 
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Table 5 — Average Annual Percentage Change in Scientific, Engineering, and 
Total jSlonf arm ESnployment, 1950-63, 1963-70, and 1970-76 



" Type of Etaployment 



1950-63 



1963-70 
(percentages) 



1970-76 



Scientists 7.0 

Engineers " 6.5 

Scientists and engineers 6.6 

Nonfsuna wage and salaury 1,7 
workers 



4.8 
2.5 
3.2 
3.3 



4.1 
0.4 
1.5 
1.9 



Source : National Science Foundation, Science In dicators, 1978 ' 
(Washington, D.C. s Government printing Office, 1979). 

^Excludes psychologists, social scientists, and computer specialists, 
for which compeurable data are not available. 
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scientists grew by 1.5 percent per year. (Indeed, between 1970 and 1972, 
there was a 20,000 decline in engineering employment. } In considerable part, 
this wais due to a slower growth (or curtailment) of college enrollment, 
R and D expenditures, and defense activities particulcurly in aircraft and 

related products . - — - 

unemployment rates for scientists and engineers haye jtended^ to be very 
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low. During the 1960s, the unemployment rate for these workers was below one 
percent. But in 1971, due partly to the cutbacks in defense spending and 

a 

some and D programs, the unemployment rate for scientists and engineers rose 
to about 3 perqi^nt. By 1973, it fell below one percent once again. However, 
in 1975, the unemploym^it^ate for engineers increased to 2.6 percent, due 
to the recession." . „ 

Host engineers and scientists axe employed by industry. Over one million 
were employed in the industrial sector in the mid-1970s,' as ^compared with about 
300,000 in universities and colleges, and about 200,000 in the federal govern- 
ment. Table 6 shows the allocation o£ industry's labor force among various 
work activities. About 37 percent of the scientists and 26 pe:pcent of t$ie 
engineers are involved^^in R and D or R and D management. However, this idoes 
not mean that the others do not play an important role in the process by which 
technology is developed and applied. / "The interface between R and D and the 
rest of the firm is of fundamental importande in determining the rate of 
innovation, eis Mansfield et al. (1971, 1977), Freeman (1974}, and others have 
indicated, production engineers, sales engineers, and other non-R and D 
engineers and scientists play a significant part in the innovation process. 

Given the slowdown in the dteand for engineers, it is not surprising that 
the percentage of bachelor's (and first professional) degrees awarded in 
engineering declined conliinually and significantly between 1960 and 19756 

. :• ■ . 2£ 



Table 6 — percentage Distribution of Industry's Scientific and Engineering 
Labor Force, by Primary Work Activity , 1974 



primary 
woric 
Activity 



Scientists 



Engineers 



Scientists 

and 
Engineers 



R S 0 and R s 0 management 


37 




26 


29 


Management of non-'R & D 
activities 


15 




20 

> 


"19 


production and inspection 


A3 




= 17 


16 


Design 


1 




18 


14 


Computer applications 


19. 




2 


«. 


Other activities 


15 




17 


16 


Total 


100 ' 




,100 


100 



Source ; National Science Foundation, Science Indi cators. 1976 (Washington, 
D.C.: Government printing Office, 1977). 
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1 \ 

' ' 10 percent o£ the total; ini975, they were 

T« 1 960 engineering degrees were 10 percen . , , 

in I960, engin _,,,tage o£ bachelor's (and first professxonal) 

recent of the total. The percentage 

4 . sciences fell from 4 percent in 

. 4.y,^ Bhvaical and environaental sciences 5Bii 
degrees xn the ph^sxcal percentage in the social sciences 

to 2 percent in 1975. (In contrast, the percentag „ 

. ^ ^ ^^5^^ ^ing from 

increased from 3 percent in I960 ro x'* , 

* t„ 19« By late . 1981, thar. were oeay 
enrolment in 1960 to 25 pel=e»t 19«. ' ■ 

" "1 rr r.e - — -r- ^^-^^ 

of Technology, cnere w«a g 
«.ee„ in ec^ine..^ an. sc„ .«« of e,pU.d .Cence. 




■ . „encie, - in paxticolax, the Bureau of Labor statistics ane 

Qovomment agencxes xn . ,„ 

. made brojections of .the supply and 

the llational science ^oundatxon - have «de &ro1 ,,,, 

i 4.V,- Kisoa in its 1979 Annual 
atillxation of aeientists ana »«i»-ir3 in the 1980a. In 

utliizaT^-^^ ^^^4««- The Bureau of 

. « a„ »tional soW Board r«iew?d^3- 
, peport, the »t«nal ^ ^ ^ ^^^^ ^^^^^ 

T^r Statistics is quoted as saying ^ 

. «J 1980S For engineers, demand and supply were 
scientists through the mid-1980s. For ^^ected to 

Ki \n balance, and engineering graduates were expected 
'estimated to be roughly in balance, an ^ 

^««4+-iea through the mid-1980s. 
«^t.= good a^plo^t op|»rtm.ities ttao , ^ . ^ ^iiarable 

^ 2^^^m ^-hare seemed to be consiacw.cw- 
to individual fields of 3=i«.=., there s _^ 
^ 9 1^ there appeared to be.f adorable «nploy 

■ «riation in'th. outlook.9 m geolow, there PP. 

■ . to increasing «tpl6ration for oil and other 

^t opportunities, due in part to in=rea 

, « recent tr«rfs continue, a shortage of geophysiolsts 

r ooo^unities wire projected for cheoOsts ^ Physicist. 
c% ■ — 4v,i« Favorable opportunitxes w«w.«= j 
CD?r- PO""*^*- , .u^t-ta,' total employment 

tKjL _^ ■ -v«itt thrse-fourtha of chemists, w^-i- 

la the nonacademic sector. About thrae. 
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"„.3 .=.p.c«. « in - - —V .a«-.X. pro..- . 

app»=i..le increase in^ ^ the,. Xn a.«ono^ and »«-ti=3, - 
■the .itoation s,^ lively 'to b. les. rosy. The n»ber =£ 4e,ie.e granted „ 
in astronomy w.s^e=.I«cted *o continue to «cceed 3=b =P«iin,s. Math««ti=ian3 

were e:tpeited to face keen competition for lobs. 

in the aocial and life sciences, there was aUo appreciable ^iatian 
a^n, fields. Economists with ad^nced decrees were expected to have favorable 
job opportunities in nonacad»ic wor.. life scientists with advanc«l dec^rees ^ 
also were expected to have, good opportunities. But those with training: in 
arthxopology and sociolcy seemed lilcely to encounter lce«. competition for 
jobs. For psychologists with advanced degrees. Job opportunities appeared 
greatest for people speoialirin, in applied areas su* as industrial psychology 

and clijaical counseling. 

Both the national science Foundation and the Bureau of Labor statistics 
made projections of the supply and utiliration of doctoral scientists and 
engineers in the mid-19aos. Depending on the model used, th. number of 
etndents «.p.cted to receive science ^ engineering doctorate, (corrected for 
international migration, 'was 185,000 (the Bureau of Labor Statistics- projection 
- for 1976-85) to 210,000 (the National Science Foundation's projection for 
1977-87, -. Based on th... projections and estimates- of ^ttri1:ion-,-^ -labor 
force of doctoral scientists «.d «^ine.rs was expected to be about 415,000 
in the «id.l9aos. Of these people, about 345,000 w«:e expected to be engaged 
in scientific and engineering activities. 

What wiU happen to the remaining 70,000 doctoral scientist. and.««ineers. 
Clearly, there is a very smaU chance that they wil- be unemployed. In«e.d, 

they w«« «cpected to into other fields. »mpng m.thematici«« and socUl 



ErJc Ui^i^' <*• .ituation looked particularly bleak. In math—tics, it wa. 
^ ^^.d that 21-30 percent of mathematic. Th.D.. will be working outside 
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science and engineering. In sdcial science, the proportion was expected .to • 

be 19-27 percent. ^ ' . ^ ■ ' 

Finally, it is worth pointing out that the existing evidence seems to 
indicate an underinvestment in c^^vilian^frachnology in the United 'States, -from 
"an economic point -of view. Because firms frequently cannot appropriate many- 
of the social benefit a arising from 'their innovations (due to imitation), and 
for other reasons, the social returns from innovative activity seem to exceed 
the private returns. (See Mansfield et al. (1977).) Thus, it would be 
hazardous to assume that the earnings of R and D scientists and engineers 
measure at all accurately the value to society of their efforts. Further, ^ 
their earnings in soma periods seem to have differed from what would arise 
under competitive conditions, which also makes this asstimption questionable. 
(See Arrow and Capron (1959).) 

12. Accuracy of Firms' Forecasts of Engineering Emo loyTgent 
In government, universities, and business, policy makers must make "decisions 
that depend, explicitly or implicitly, on forecasts of the number of scientists 
and engineers employed • in various sectors of the econony at various points in 
time. For example, in evaluating the adequacy of existing engineering manpower, , 
public policy makers must try to forecast how many engineers will be 'employed 
in the private- sector;- The- National-'^Ct-eiice--Foundatton7^TiS^- 
Statistics, and other groups have made forecasts of this sort for decades. 
While siich forecasts sometimes ar^ based on a collection of forecasts made by 



firms. of their own engineering employment, very little is known concerning the 
accuracy of firms' forecasts of this fcind. 

In this section, we present information concerning the accuracy of such 
forecasts and suggest a simple nadel that may be useful in improving their 
^ accuracy. Very detailed data were obtained from a well-known engineering 



association which has colUcted such forecasts f rom. f inns for many years. For 
• 54 firms in the aerospace, electronics, chemical, and petroleum industries,, 
comparisons were made of each firm's forecasted engineering employment with its 
actual engineering employment during 1957 to 1976. Since data were obtained 
concerning a number of forecasts of each firm, the accuracy of 218 such forecasts 

..could be evaluated. 

Our findings indicatk substantial interindustry variation in forecasting 
accuracy. In the aerospace industry, the forecasting errors for individual 
. firms have faeen^large , as can be seen in:Table 7. For example, even when 
firms forecasted only six months ahead, the mean percentage error was about 
10 percent. In the electrohics, chemical, and petroleum industries, the • 
forecasting errors for individual firms have been much less , .although the mean . 
percentage error for two-year forecasts in the electronics industry was about 

.„12 percent.. The relatively large forecasting errors in the aerospace.. industry ^ 
(and to a lesser extent, th^ electronics industry) seem to be due to its heavy 
dependence on government defence and space programs which were volatile and 

hard^to predict. , ' ' 

Whiles the forecasting eirors "for individual firms are substantial, they 
tend to be smaller when we Consider the total engineering employment for all 
firms in the sample. On the average, the six-month forecasts were in arror by 
about 2 percent, the two-year forecasts were in error by 1 percent, and the 
five-year forecasts were "in error by about 3-percent. The fact that there was 
fio little bias in the forecasts is encouraging since, for man^'pui^poseji, the 
principal aim is to forecast' total engineering employment in soma sector. of 
the economy, not the engineering employment of a particular firm. ^ . \- 

, Mode Is are sometimes constructed in which it is hypothesized that firms' 
O at each point in tima hav« a desired employment level for- a' particular 
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Table 7 — M*«n Parcantage Error in a Firm's Forecast o£ Its Engineering 
Etaploymentr 54 Pirtor 1957-76 

Torecastinq in-cervgtx* (YeafsT 



Induatry 


0.5 


2 


5 


IQ 


Aerospace 


10.3 


(percentages) 
15.9 


41.2 


88.7 


Elecian^nlcs 


4.6 


12.4 

• 


15.4 


26.5 


• 

Chemicals 


3.2 


5.7 


17.3 


22.0 


Petroleum 


2.8 


5.5 


13.1 


9.4 



*l!he forecasting interval is the length o£ time betveen the date 
when the forecast is made and the date to which it applies. 



Table 8 — Estimated Regression Coefficients,^ Equation (7) 







Independent 


variables . 


r2 


Indna1:ry . 




Di(t) 


I^(t)' 




Chemical 


r « 

.32 


-4.61 


0.74 


0.78 




(0.95) 


(5.8) 


(2.15) 




Petroleum 


-1.21 


-6.55. 


2.33 . 


0.51 




(1.2) 


(3.1) 


t (2.35) 





*The t-atatist±ct is shown in parentheses below each regression 
coefficient* 

w 



✓7 

0 



27 



kind of l^r, and that they set their actual employment level for this kind 
of labor 30 as to move part way toward this desired employment level. Thus, 
- in the case of engineers, firms are continually adjusting their employment 
.toward- the- .level that they would regard as optimal if changes ia employment - 
'llevela-oiuld be made instantaneously and if the inefficiencies involved in.. 
too rapid a change in engineering employment could be avoided. If E^{t) is 
the i*^ firm's englneerii^ employment at time t, and if Ei(t+1) is its optimal 
or desired employment one year hence, then E^Ct+l)' can be represented as 

. ^gj. E^(t+1) - E^(t) + 9i(t) /"E^Ct+D - E. (tl7. 

til / • 

in other words, S^Ct) is the proportion of the way that the i firm's engineer 
ing employment moves toward the desired level between time t and time t+1. 

Assuming that one can estimate Q^Ct), equation (6) can be used to forecast 
E^Ct+l), since data can be obtained at time t regarding E^(t) and E^(t+1). The 

engineering association coUected data concerning E^Ct+l) for various times ^ ^ 

bitaTe^'isST and 1968, so we were able to obtain direct estiaates^^f e^Ct) 

for seven major chemical firms amd six major petroleum firms during this period 

U ^ 

These were aU of the firms for which appropriate data were available. The 
mean-value of^^J%X-ia very similar for the two industries: it is 0.73 in 
chemicals and 0.72 in petroleum. These results are quite similM to ti^^^^^^ of 
Freeman, although his estiiaates of the rate of adjustment are based on quite 

different kinds of 'data. 

«a 'explain differences among time periods and firms in the value of 9^(t), 
it seems reasonable to hypothesize that 

" (7) 9^it) - * *1 °i^*^ * *2 ^i^*^ * "i/*^' 
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»h«. D;(t) U th. d«lr,4 prop=rtlo«l increase in, engineering .«ploy»enc between 
.^ c and tU. I,(t) ia the ratio of the i"! firm's profits in time t 

thos. i. ti« t-l. and u,(t.) is a random error term." A priori, we would 
«.p.ct to b. negative ainc., if a«al.>ln, ita desired employment 
' ^a. th. fi» muat its -"V- « "UtiveXy la«,. P«»«a,., 

. «^ ii^ wiU .»« a ralatively »all proportion of^. ^ 
• deaix-d W becaua. of th. coata of rapid change in .mploym««: l^ls^. . 
Si^arly, w. would axpact to be ^aitiv. .becauae relatively large increaae. 

— I -^•ota-fciona and make them bolder in moving 
, in profits will influence firms' expectations ana ma^ 

toward desired employment levels. 
■ to determine the goodness of fit of the hypothesized model in e,uation O). we 
Obtained least-squares estimates 6f and as shown in Table 8. " Ths 

results Show that each of the regression coefficients has the expected sign 

4 ^^.i«mt TSiis model explains over three-quarters of ^ 
. andl is statistically significant. Tbia mo w ^ . 

" . . .Helicals and about one-half of such variation in 

the variation in 9j^{t) in chejdcals and^ao 

^pleum tising the least-squares esti^tes of and one can 

* ^ on the basis of its values of Di{t) and I^^ty. 

aatifflftte 9a (t) for each ^ on the basxs ^ 

. .4^i.e of 9 (t)" into equation (6), one can forecast E,(t+1). 
inserting this estimate of B^i^) ^ 

3.^ „ ^ data for thaa. fi^. - 

^ thO.. of ^. fl». *^ ■ 

^ *.« it appears that better forecasts may 

Although much more vorJc needs to be done, it app. 

re^at from the application of -^lV«*»rt o£ 



13. 




„ « hav. in the praviou. thre. aecticn.,, the educational .at.bli.h- 
.roauc. .-.powar that i. of graat impcrtanc. in « and 0. -But thi. ia 

ERiC , „ i„ Which «W D .ducation raut. to on. «»th« with 

a™a» not th« only way in wnicn r « 
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. to.Bimpowrr in addition, R and D oJHian co«p«tes with highT education . ^ 

! for manpower. Ttoa size and allocation of gov«mmant and industrial R and D 
expenditures, as weU as 'various policies of govemiDent and industry, iniluenca 
the allocation of scientific and engineering effort between teaching, on the 
one hand, and applied research and develoE«nent, on the other. 

Pritt Machlup and others have pointed out that applied programs compete 
vitii teaching for scarce scientific and engineering talent, and that increases 

■ in these applied programs can be dangerous if, by curtailing the supply of 
teachers, they reduce excessively the rate of increase of the supply of 
sci^tists and engineers . Studies have been made of the distribution of 
scientists and engineers between teaching and other work, and simple models 
have i«en used to derive -optimal" allocation rules unfortunately, as their 
authors are aware, these studies suffer from the fact that applied- work and 

^ caching may require somewhat different sorts of talents, that the available., 
data completely overlook th. crucial differences in ^aUty «nong scientists 
• and engineers, and that the n»dels oversimplify the relationships between 
^achl^g and R and^D. Nonetheless, the basic point - ^ .ppii^ research 
and develo^ent compete l^ith" basic researclr and teaching for scarce talent , 
is worth making. Moreover, in recent years, this poi^t has been brought home 
to many universities, which have found it difficult to- compete with industry 
■ for new^ «r.D.s, According to on. recent statement, starting salaries in 
industry are about double those in the universities in scm. fields. (See 
Bromley ^(1981) •) 

■ ■■r„.^^ ^ to a=i«»iti» <« th. ,r»Uty of <«d.rgr.du.t. ,iaa=.ti=n. 
^ th. I960., th. H«». S,*«-itt.. on «»! T«lmi=.l 

O cia«a «-t f-«.l r.»-=h "^"^ 
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«c.».i«-Xy -^-tl^ 
„„a.ch to a^ri^n. t^chi^.-" <Xt =Ui»a too that ^ ^rt»t 
^« ... ^.«. th. natural s=i«.=e„ on th. on. ..n., «^ 

.ocial .=i«-3 and h««>iti«, on the other., Becane, it is so difficult to 
th. ,«.lit. of. ^aer^aauate education, it was di«icult to ,.no« ho. 
.eriousl. to ta.. these criticise. Although the suhoo-ittee se.»a to thi^ 

the adverse effects of ,o™r»«.t research pro^ were home out hy 
^ published t.sti-0.^ Of university p^fessors and administrators, a close 
^tion of this testi-ony showed that a great ^y of the respondents d^ 
^ .^ee with this conclusion. *e suhcon»ittee report seemed to oversimplify 
^ situation, cndergraduat. education has he«. faced with many prohl»s, 

r.a«arch grants and contracts have, on 
but it is not clear that government researcn gran 

balance, done more harm than good. 




just as there has be_«. considerable controversy over the effects of 
i^^ed government and 'industrial R and D programs on higher education, 

„ there has been considerable-controversy over the effects of fed«:ally 
eupported^R «^ D on privately financed R and D. Some economists argue 
that increases in government R «:d D funding are likely to reduce the R and D 
' «,p«^t»res of the private sector -because («»ng other reasons) firms may 
receive „v,r,m«at support for some projects they would otherwise finance 
themselves. Other economists say that government R «d D is co«pl»«.tary 
to private R «.i D, «.d that increases in the former stimulate Increases 
^ the lafctyr. It 1. univ«:sally recognised that this ,ue«:ion is of great 
ErJc l»Port«»e both for policy ^ analysis, but iit^._ is ta>«n conce«.in, it. 
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■ -TO ahid- light on tha effects of feder^^ 
R and D in the important area of energy, we recently chose a sample of 25 
major firms in the chemical, oil, electrical equipment, and primary metals 
industries.^ Together they carry out oyer 40 percent of all R and D in these 
industries. To estimate the extent to which these firms obtained government 
funding for energy R and D projects that they would have, carried out in 
ai^ event with their own funds, we obtained detailed data on this score 
from each of the firms. Moreovor, even more detailed data were obtained 
concerning a sample of 41 individual federally funded energy R and D projects^ 
These projects account for over 1 percent of all federally supported energy 
R and D performed by industry. 

Otoe following are some of the conclusions stemming from this study. 
First, it appears that these firms would have financed only >a relatively small 
proportion of the energy R and D that they performed with government support. 
Based on our sample of firms, they would have financed only about 3 percent 
if the government did not do so. Based on our. sample of Individual projects,, 
they would have financed about 20 percent if the government did not do so. 
It would be very useful if similar estimates- of this sort could be obtained 
for various kinds of R and O outside the field of energy. 

- second, if a 10 percent Increase were to have occurred in federal 
funding for their energy R and D ixx 1979, the response (for aU 25 firms 
taken as a whole) would have be«. that, for each dollar increase in federal 
support, they would have increased their own support of energy R «id D by 
about 6 cents per year for the first two years after the increase in federal 
f««a3. m the third year after the increase, there would be no effect at 
aU. Ibis finding is based on careful estimates by sfenior R and D officials 
o£ £ir»- I* i» worth noting that there are substantial differences 



32 



■ . ... among. £i=»s in their response. Note too that the results are quite consistent , 
with those obtained by- Levin and Reiss (1981)' and Terleckyj and Levy (1981) 
ia their econometric studies of the aggregate relationship between federally 
funded R and D expenditures and privately funded R and D expenditures. 

Third, if a 10 percent cut were to have occurred in federal funding for 

their energy R and D in 1979, the response (for all 25. firms taken as a • ... 
whole) would have been that, for each dollar cut in federal support, they 
would have reduced their own support of energy k and D by about 25 ^ents in 
each of the two years foUowing the tax cut. In the third year after the ^ 
federal cut, there would have been about a 19 cent cut in their own" spending . . 
Taken at face value, it appears that a 10 percent cut in federally funded 
energy R and D would have a bigger effect on privately funded energy R and D 
. than would a 10 percent increase. But until niore and better data are 
- obtained on this score, we feel that this difference should be- viewed with 

considerable caution. 

rourth, 1. »od.Ux« the .ftectsct £«l.rally funded S and D en the 
. ,ur result, Indict, that it be realistic to ^ew each 

« ,^ D aa a factor thlt facUitatee and ^cpanae the profitability .£ 

pri^tely funded R and D, rather than focu, eolely (as ».t .con=«tric 
.. - «^es h.« don.,-on-th..direct..£fect. of -federally, funded. ^and.D on-the. 

productivity of the fi»e «^ °" 
. ee^le of federally funded projects, it appeara that such projects 

typlcauy only -»ut half as large a direct „ntri^tion to the fir.', 
perfor^nce and productivity as would be achieved if the fiTM 3p«^ an 

^valent a-ount of money on whatev« R and D it chise . But in 'about 
one-third ^' th.' oases, the federally financed R and D projects suggested 
FR?r further « and D into Which U« fir. invested it. o™ funds.. (The 

^ Of such a ».inoff is «^c.d.if the fir, helped to formulate 33 
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... th«. Idear-on which the project was based.) If federally funded R and D is 
viewed ia this way. e6oao«triciaas may have more success in measuring its 
effects on productivity in the private sector. 

IS. incloaion of Education in Econometric produetivity Studies 
Based on our discussion in previous sections, it is clear that 
education, affects productivity growth apart from- its effects on the quality 
o£ labor input. Education, as pointed out in Section 2, results in external 
effects of various kinds. In particular, education affects productivity 
growth via its effects on the rate of technological change and the rate of 
diffusion of innovations, as indicated in Sections 4 to 8. In this 
connection, the adequacy of the supply of scientists and engineers, taken 

up in Sections 10 to 13, is of obvious importance. 

Having reached this conclusion, and having discussed relevant issues 
ron'"'^<^»g the organization of r' and D activities and the degree of 
cooperation or competition between private industry, universities, and 
government in the provision of R and D and the employment and training of 
researchers, we must turn now to a discussion of how education's effects 
on productivity growth (apart from its effects on the quality of labor 
: - - ■ iapttt) may'-best -be-analyzed-aadr-at some "f tttare time,: measured. In Sections 
IS to 20, I shaU suggest six kinds of studies that, in my opinion, seem 
important and worthwhUa. At the outset, it should be recognized that they 
are unlikely "to provide more than a fraction of the iniormation that policy 
makers would like to have , on this score. But they seem to me to be sensible 
places to start. 

To begin with, it may be possible to obtain some useful - information by 

rn^^ extMJding econometric studies of R and D and productivity to include 
hlylC 

™" educat,ioB. ' in the typifial studies that have been carried out in this area, 
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it is aaataa«cl that: 

(8) Q - A e R K L r . 

, the industry or firm under consideration, 

where Q is the value-added o£ the inaus^y 

. firm's R and D capital (defined as the sum of its 
R i3 the industry's or firm s R ana u f 

action »«.U. ,s.. M«3fi.ld ifSSOa. 1980b. ISna. 19627.) 

Accoriins to our pr.,io« di.cu«ion. hlgh.r Ws of. .ductioa (a«ng 
^„ worker,: «Xl « «gine.« or .ci.nti,«) -.7 a«.ct th. 
p^ucrlvity of R and D. ttua. education Mght b. Included a, «. additional 
' ■ liable in this e,uatlon. or- aort of Interaction ter« between K and 0 and 

education .^^t be introduced. A limited e»unt of ln..atigatlon along thle ^ 
line Sa. already been begun. For example. Brown and Oonrad (1967) carried * 

out a study that preceded In this dlr.ct^n. baaed on the OES pr«.uctlon func- 

tion. Also see Griliches (1964). 

xn addition, educational le^la ax. melV to he rele^nt « the speed 

^ ^ Of technolo^ transfer fr» sources ootslde th. Industry or flr„. 

♦V-whlch IS a ^ur. Of the rate of t.d»oIo,lcal chan,. resultln, - 

f.. factors other than th. industxys or flr-.s own « 0, »y h. a 

.unction Of the educatl-naX level. *1„ of course. Is ^te consistent with 
^ conceding the diffusion of Inno^tlons pr.s«.t«. In Section 7. 

IS no reeson why education could not h. included In so« suOh way 
in econo-tnc production- functions of this sort. As noted ^. Brown and 

ErIc ^ th. difficulties shouu not he .Inl^.^ or glossed 



35 

. . . ? • ^ • ■ ■ ^ - 

■ • * 

' ''ov«rJ Toe one thia?, wh«i.w« taUc about aducational are we talking "about 

aie educational level of the managers, the workers, the R and D personnel, or 
some combination or subset thereof? In anall firms, it can be fairly ea^ to 
designate the peopl^e who are most directly involved in the relevant decision 
making process or in titilizing the relevant new technology. But in large, far- 
flung organizations, it can be eactremely difficult to decide whose 
" educational level should be included in such a model. 

' Also, it is difficult to measure how much education a person has. . 
Y««s of schooling obviously are not a satisfactory measure for many 
purposes, e.g., a year at one school may represent far more. education than 
. a year at another school. Also, education is far from homogeneous. It 
' is possible to spend a year at school studying Greek, physical education, 
or civil engineering, and it seems doubtful that each should be given the 
same weight in such a production function. 

Por these and many other reasons, a study of this type would call for 
considerable ingenuity. There are substantial problems in carrying it out. 
But work during the past decade concerning the economics of R and D has 
den»nstrated that models of this sort, while crude, can be quite useful. 
Adding education to such models may be very difficult, but nonetheless 

worthwhile. \^ 

16. The Educational Lev^l of Inventors 
Anoth^- kind of study that might be usef^ ia an investigation of the 
educational levels of inventors. Of course, it <^t be assumed that an 
' to^r requires the educational level he a<±ieved in order to function 
„ inventor. Perhaps he could have done just as welljor better) with 
less formal education. But information concerning the educational level 
of inventors would help to indicate the maximum f irmal education required 
to do various kind, of inv«iting. For example, if one were to ftod that 
ERIC ^ balk of the invmitor. i» • particular field^ Use than four ^ear s 



• . . ■ ,,f coll^, it vd&ia app«r «»t ,r.daat. «« -r^jalxl, 1« tb« ^ 

- .'y :pii' «'u*it;" to 40 wMk. « =oal.O, it _1« aW poMttU that 
' - - 'L™^ 'l- this field wooia b.« more rfi<«ti« « mora prollf t= 
" if thay had had «or. «hcoli»„ b«t cn. would thi^ that, if «r. .chocling. 
^had haen vary i-pcrtant to ,u=h worK, potential and aotual in«nto« would 
ha« found it worthwhile to »4aitional aohooling, «^ if they did «t do 
■ „, they would ha« fo«d it difficult to-a»p.te a. la««to« with paopl. 

who had the extra schooling. 

25 yeaxa a^, »=ob Sch»=okler (1957, p.i»liah»i a 3»all-a=al. 
of l»«nto« in which he found that about half of them were not 
college graduates, h. concluded that the co-on i-pression that in«ntion 
' -was the province of a l^hly trained technological .lite was o^r-drawn.. 

■ : „ would b. lnter.sting to Obtain such information for more r.cnt y.ars 

•and for larger samples of in^ntors. Si«n th. change, in the educational 

dis^tion of the Ecpulation at large duringth. past 2Syears, on. 
- would e:cp.ct the situation now to be <r.it. different .from that .de,=rlb.d 

by SchmoO>cler. But it would b. useful to know wh«her the chang. ha, been 
greater or less than would b. .«pe=ted for this reason alone. 

in addition, it would b. Interesting to break down the results ^by 
te^logical field Or Industry, since it seems much less llk>ly that a 
p«,on with a limited formal .iucation could b. , a suocessful in«ntor to 

som. fields than in oth«s. Obviously, a p«son lacking considerable-— 

• -• ' training in ch-nlstry would be very unlikely to invent a n«, polymer, ^ 
,«on. untrained in medicine or science would be unlikely to invent a 

major n*," drug. B« in' oth«: areas. Ingenuity and practical «p«:ienc. 
. may i. much »r. important ««n formal sci«>tifi= and engine^ing training. 

B»r. may b. a t«d««y for formal education to be less lmport»t in 
ar«. where lnd.p«d«* lnv«rtors are a major force. However, this t«^cy 
may not b. a. strong as, might appear- at first sight. Many indep«dent 
__to«tor. have very er««.iv. formal trainl^ror «»mple, «wln Armstrong 
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who played a central role in the use o£ frequency modulation in radio. 
"was Profeasor of Electrical Engineering at ColunODia university. • ° , 

A study of thi^ type would nb^ provide a .^irect estimate of the effects 
of education on the rate of productivity increase, in this respect, it is 

unliJce the study suggested in the previous section, which, if successful, 
might provide information of this 'sort. Nonetheless, it seems to me that 
a study of this sort' would be worthwhile. 

17. Rfff eet o f Education on Learning Curves 

— «; — 

a third type of study that miglit be carried out is concerned with the 
effect of educational levels on the nature and shape of learning curves. 
At least four decades ago, aeronautical engineers noted thaf the number of 
labor-hours expended in the production of an airframe decreases as the 
total nisnber of airframes previously produced goes up, specifically, the 

. amount of labor required to produce the airframe of.a particular type 
seemed to be approximately proportional to N"'''^ Thi^ relationship, or 
"learning curve, » has become basic to the production and cost planning of 
the Air Force. (See ^sher £1956/.)' in addition, a variety of other studies 
carried out in the 1950s and early 1960s showed that le«pning curves of 
this sort were. to be found in a wide range of industries other than aircraft 
production. For example, Hirsch (1956) found the same type of learning 
curve in the production of other kinds of machines, but the rate of learning 
is not the same as in aircraft. Lundberg (1961) referred to a very similar 
phenomenon as the "Homdal effect.- He found that the Homdal iron works 
in Sweden had no new investment for a period of IS years, but experienced 
. an increase in output j«r manhour of close to 2 percent per year on the 
average. . . 
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Kennettx Arrow (1962) brought the "learning curve into the mainstream 
of economic discussion. He enphasized two fundamental propositions. 
(1) "Learning is the product of experience. Learning can only take place 
through the attempt to solve a problem and therefore only takes place during 
activity." (2) V""L7eaming associated with repetition of essentially the 
same problem is subject to sharply diminishing returns. There is an 
equilibrium response pattern for any given stimulus, towards which the 
behavior of the leamfer tends with repetition. To have steadily increasing 

performance, then, implies that the stimulus situations must themselves be 

stieadily evolving rather than merely repeating."' 

/ There is widespread agreement that learning by' doing is an important 
source of productivity grow^th in ntany industries.. Indeed, lejyming by 
doing can be important in the R and D process, as well as in manufacturing. 
/(See Mansfield et al, /Vbiy .) Yet the underlying factors responsible for 
the rate at which leamilig occurs are not well understood-. Clearly, the 
'learning curve is different in some organizations than in others, but^ little 
is known about the reeusons. 

, An econometric study might be conducted to determine whether (and if 
so, how) the learning' curve depends' on the educational levels of the members 
of the organization. Cne might suspect the existence of such a relation- 
ship, at least in some industries. But so far as I know, no evidence of 
this sort has been presented. If there is such a relationship, it might be 
used to help estimate the effects of education on productivity growth 

MUtnatin^ fafoo leamina by doin^. Of course, learning by doing is not dependent 
only on formal, deliberate training or education. Moreover, for some kinds of 
Simple repetitive tasks, formal education may have no effect (or even a negative 
effect) on the rate of learning* But for a variety of important tasks and 
industries, the learning curve might be expected to depend on the level of 
education* 
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18. Education '3 Role in the Diffusion Process 

'J 

.1 ' . 

A fourth type of study that should be carried out is concerned with 
the relationship between educational level and speed (and nature) of 
response to innovations, as' we saw in Section 7, agricultural studies 
indicate that better educated managers tend to be relatively quick to adopt 
new technology. Moreover, studies of the diffusion of numerically controlled 
machine tools indicate the same thing in manufacturing* But aside from 
these rather limited investigations (described in Section 7), very little 
is taiown about education's role in the diffusion process.' 

Studies of this type should address at least four kinds of questions. 
First, practically nothing is known about the sort of education that is best 
correlated with a manager's speed of response. Do people majoring in 
science and technology adopt new technology faster than others with - 

1 

equivalent years of schooling? Do MBA's adopt new technology faster than 
m;a.'3 in English? Second, in small firms, it may be possible to identify 
the people involved, and to see the mixture of educational levels and types 
they represent. Are some mixtures more conducive than others to rapid 
Utilization of new teehno'logy? Third*, in large firms, is it possible to 
^single out and identify a small number of people that were responsible for 
the decision, and relate their educations- to the' fira's speed of response? 
or are some of thes© decisions the product of so many people and committees 
that such an analysis would not be possible or meaningful? Fourth, are . 
better educated managers more likely than others to adopt unsuccessful new 
technology, as well as successful new technology? In other -words, are 
.better educated liianagers better able than others to discriminate between 
successful and unsuccessful new technology,: or are they more inclined *o 
adopt new technology even if it is not superior to the old? 

• .) 

- 'J 
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in mr opinion, exiatiiig studies of this sort only scratch the surf ape^_ 
For example, increased education of ji particul^ so^^^^ 113cely to have - ^ 
more of an effect on the speed of response to some sorts of innovation than 
to others, but the very limited ambunt of information th^t hA» been derived 
to date cannot tell us anything about this or a host of other questions. . 
More empirical studies of education's role in the diffusion process are both 
feasible and beuily needed. ' "■- 

19. Simple Models of Sdiication, Diffusi on, a&d Growth 

A*fifth type of study "that should be carried out is concerned With the 
construction of simple. mathematical models relating educational levels, 
the rate of diffusion of new technology, and the rate of economic growth. 
This type of study should complement the work suggested in the previous . 
, section i^ at least two ways. (1) The empirical ^ork in the previous 
section should help to suggest the form and^'nature of sonfe of the relation- 
ships in these models. (2) The models described in this section should 
help'to indicate some oi the empirical work's implications regarding the 
*• magnitude of education's effecrts on productivity (apart from its effects 
■ on the quality of labor input) . 

■ AS pointed out in Section 8, Nelson and Phelps began work on models 
• of this soirt about 15 years ago. unfortunately, they have not extended 
the very simple models they constructed then. And so far as I knoy, 
neither has anyone else. Although this can be ^int^preted as an indication 
that, the relatively primitive models they constructed were .a dead end, I 
suspect that this is not the case. ' 
ijy guess is -that interesting models could "be constructed to analyze 
' education's effects on productivity growth via the Mte of diffusion of 



inaovationa. A«^N»lson and Phelps point out, their own wrk is far from 
satisfactory or complete. But 1 see no reason why others cduld not build 
on these beginning *teps. indeed, I would think that such work, which waild 
be relatively inexpensive, would be a very valuable complenent to the 
empirical work described in the previous section. 

20. The Supply of Scientists and Engineers 

A sixth type of study that should be carried out is concerned with the 
supply of 'scientists and engineers. There is already considerable work., 
going on in this area. Both t^ie Bureau of Labor Statistics and the National 
science Foundation are responsible for comprehensive projections. of the 
supply and utilization of doctoral scientists and engineers. The National 
Science Foundation uses econometric models to help estimate the number of 
science-and-engineering-related positions that may be available by field 
for ph.D.s. For the two largest categories of employment for, Ph.D. 
scientists and engineers ~ academic and industrial R and D ~ demand 
equations are estimated, using standard sorts. of regression analysis. Among 
the variables included in these equations are the level of R and D spending 
and the number of baccalaureates awarded in science and engineering (an 
index of teadiing loads). 

Although models of this sort have been subject .to .criticism,, it seems- - 
to me that work of this sort is of importance. In addition, I think that 
' studies of the demand for engineers and scientists by individual firms 
and of the accuracy of firms' forecasts are worthwhile, as indicated in 
Section 12 above, public policy in this area has suffered because -the 
ttAtkttafpr scientists and engineers ~ and the process by which people choose 
and enter various fields — have not been well understood." 
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• Besides lobkiiig at the supply Of scientists and engineers, it is • 
important that we understand more about the supply o£ technicians and other 
sorts of R and D support personnel. My own results indicate that the wages 
o£ support personnel rose more, rapidly than the wages of scientists and 
engineers during 1969-78 in the eight nvajor industries for whicn we have 
collected data.^^ what factors accounted for this difference? Can we 
construct models to help forecast the rate of price increase for various ~ 
R and D inputs (such as scientists and engineers, support personnel, 
materials and supplies, and the services of R and D.plant and equipment)? 

in sua, many interesting questions of both analytical and policy 
importance exist in this area, and further efforts to help answer them 
would ba very worthwhile . 

4 21. Conclualona 

Based on the previous discussion, it deems clear tl^at education affects 
productivity growth apart from its effects on the quality of the labor 
force. Education certainly has erternal economies not captured through 
wages and salaries. Basic research and graduate education are complementary 
in many ways, and thi' of ten take place together. With regard to applied 
R and D, it is very important that R and D be properly coupled with potential 
^" users (marketing and production groups =in the case of industrial R and D) . 
in efforts to tell whether existing prospective supplies of " scientists 
and engineers are ample, the Bureau of Labor Statistics and the National 
science Foundation attempt to forecast the demand for, and utilisation of, ^ 
various kinds of technical personnel, increases in applied' R and D can be 
> dangerous' if , by curtailing the supply of teachers, they reduce excessively 
the future' quantity and quality of scientists and engineers. Based on . 
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r.s«r=h, it-app.« that pri«t.ly tii^ and f.4«.lly «ln«=.4 
R and D are mildly ccmplenen t nty. 

m the previous six sections o£ this paper, I have sketched out a 
number of types of studies that might be carried out. In my opinion, all 
are worthwhile, if staffed with good people. But it should' not be assumed 
that these studies will result in a precise or complete estimate of the 
effects of education on the rate of technological ch«ige and on productivity 
growth. Because the effects of education are so widely scattered, the 
extent and nature of education are so hard to characterize, and the rate 
of technological change is very difficult to" measure, it seems realistic to 
expect that studies of this sort would provide only a small fraction of 
what economists and policy makers would like to know. The problems are 
inherently so difficult that it would be foolhar«^r to believe that a few 
■ studies of this sort would be more than a beginning, nonetheless, such a 
begizming tioald bm ^mry useful. 
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Footnotea. 



^Se« Fraenmii (1975) and Walch (1979). 

^S*« Blaug (1965) . 

3s«« D€nisoa (1966, 1979). 

^Sk« Mansfield et al. X1977) aad "Freeman (1974). 



hbld 



^la equatioa-a), the sample coasiated of 15~firma. Obviously, more data 
are needed. 

^To derive the result ia equation (5) , note that 

Q(t) .F(KCt), Vl^'^-^^^^^L(t)l, 

according to Nelson and Phelps. 

®See "Engineering Education at the Crossroads: An Interview with MIT 
President P*ul E. r.^^." Poltev Choices. Fall 1981. 

^Ihe forecasts suninarized below come from National Science Foundation 
(1979) r^nd reflect the situation at that time. Also,, see Cain, Freeman, and 
Hansen (1973). 

^<^See arach and Mansfield (forthcoming) and Mansfield et al. (forthcoming). 

l^This model assumes that ^t+1) > E (t), «hich was typically ^he case 
in the Relevant period. Of coSse, if tAis is. not the case, a different 
model should be used. * 

Ignore specifically ,'D,(t) equals [^^(t+l) - E^(t)] 4- E^(t). For the 
chemical firms, I,(t) is the i'^^ firm's net income^ in year t+1 divided by its 
net income in year t. See the references in note 10. 

^See Machlup (1962) and Intrilligator and Smith (1966) .' 
^See Mansfield and Switzer --(1981). 

See Mansfield, Romeo, and Switzer (1981). 
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